The role of the central nervous system in regulating food intake was probably suggested first by the discovery that either obesity or emaciation may occur in patients with nervous diseases. For a while these observations were not properly evaluated, because emphasis was laid upon the obesity as such, or the leanness, rather than upon the changed eating habits responsible for the clinical picture. Interest was focused on the hypothalamic region by the experimental studies of many workers (Hetherington, 1941; Hetherington & Ranson, 1940 , 1942 Brobeck, Tepperman & Long, 1943; Kennedy, 1950; Ranson, Fisher & Ingram, 1938) who showed that bilateral lesions in the medial hypothalamus, especially lesions in or ventro-lateral to the ventromedial nucleus, resulted in obesity. The confusion introduced by the notion that pituitary disturbances caused obesity was also clarified by Hetherington (1943), who showed that the hypophysis is in no way directly concerned with the pathogenesis of obesity following injury to the base of brain. Brobeck et al. (1943) demonstrated that this hypothalamic obesity was due to increased food intake (hypothalamic hyperphagia) rather than to disturbances in the fat, carbohydrate or intermediary metabolism. From the time of its discovery this hyperphagia was assumed to be a release phenomenon brought about through the destruction of an inhibitory mechanism.
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The existence of another mechanism in the lateral hypothalamus of the rat, which controls the 'instinct' or the 'urge' to eat, was demonstrated by . They showed that bilateral destruction of a well localized area in the lateral hypothalamus, at the same rostro-caudal level as the ventro-medial nucleus, produces complete aphagia and death due to starvation, in spite of the availability of food. It was also observed that of the two mechanisms the lateral one exerts the more basic type of control over food intake and the medial one (inhibitory) produces its effects only when the lateral 144 B. K. ANAND, S. DUA AND KATE SHOENBERG is intact. The lateral mechanism is designated a 'feeding centre', or even an 'appetite centre', while the medial one is called a 'satiety centre'. Joliffe named the two, together, the 'appestat'.
The present study was undertaken to determine, whether similar mechanisms exist in the hypothalamic regions of higher mammals, cats and monkeys, and also whether they are modified by the more highly evolved higher nervous centres.
METHODS
Bilateral electrolytic lesions were produced in the different areas of the hypothalamus of sixteen cats and seventeen monkeys (macacu.s), with the aid of the Horsley-Clarke stereotaxic instrument. Only those animals which recovered consciousness after operation and became awake and active are being reported here. Those that remained somnolent are reported elsewhere. The cats weighed between 2-5 and 4 kg, and the monkeys between 3-5 and 4-5 kg. Intraperitoneal pentobarbitone sodium (M. & B.) was used for anaesthesia (0-7-0-8 ml. of a 5 % solution/kg body weight in monkey and 0-8-1 ml. in cat). Intraperitoneal Dial (Ciba) was tried for anaesthesia at first but was discarded as the animals did not recover consciousness for 2-3 days. With pentobarbitone, they recovered consciousness within a few hours after the operation. With the head in the stereotaxic instrument, a small craniotomy was performed, and lesions were produced with a unipolar electrode directed into the hypothalamus. An indifferent electrode applied on the surface of the animal served as an earth. At each point in the hypothalamus, electrolysis was produced by passing a direct current of 3 mA for 30 sec. Lesions of any size can be produced by electrolysis at adjacent points, separated from each other by lf-2 mm. The co-ordinates of the stereotaxic instrument for different regions of the hypothalamus both in cats and monkeys had been worked out previously.
These animals were fed ad lib., both before and after the production of hypothalamic lesions. A daily record was kept of food intake and weight. The cats were fed on minced meat and milk, and the monkeys on nuts, fresh fruit and vegetables. The animals that developed aphagia were kept alive by feeding on milk and egg mixture by stomach pump, with no tube feeding on certain days to see if the aphagia persisted.
Finally the animals were sacrificed and histological sections made of the brain. These were examined to locate the exact site of the lesions.
RESULTS

Cats
Bilateral hypothalamic lesions were produced in sixteen cats. The following post-operative feeding responses were obtained.
(i) Aphagia
In four cats (nos. 7, 11, 15 and 18) eating was completely and permanently abolished in spite of the availability of food in the cage. All these recovered consciousness within a few hours of the operation and, except for aphagia, did not seem to be abnormal. They were awake and active, did not show any neurological deficits, and their rectal temperatures were normal. They refused food not only when it was placed in contact with their lips and teeth, but even when it was placed inside their mouths. They were kept alive by stomach tube feeding for periods ranging from 1 to 4 weeks. During these periods tube feeding was withheld periodically for as long as 2 days without the cats showing any spontaneous desire to eat. The feeding response of one of them is shown in Fig. 1 . In this (no. 11) the tube feeding was stopped and it died from starvation, without eating the available food. All histological sections of the aphagic animals showed bilateral destruction of the same region, i.e. the lateral-most region of the lateral hypothalamus in the plane of the central part of the middle hypothalamus (median eminence region) (Figs. 2a and 3a) . In one animal (no. 11), in addition to this area, the lesions had also progressed rostrally into the anterior hypothalamus ( Fig. 2 b) , while in two (nos. 15 and 18) the lesions had also progressed caudally into the posterior hypothalamus (Fig. 3b) . Other adjacent structures (medial hypothalamus, fornix, internal capsule, optic tract, etc.) were mostly left intact.
(ii) Hyperphagia Two cats (nos. 2 and 10) developed hyperphagia after the operation. In cat 2 the daily intake of both meat and milk was markedly increased, while cat 10 did not eat for 4-5 days and later developed an increased desire for food. Histological sections showed bilateral destruction of the medial hypothalamic area in the region of the median eminence (Fig. 4) HYPOTHALAMIC FEEDING CENTRES hypothalamus intact. In cat 10 bilateral lesions were later produced in the lateral hypothalamic region described above. After this hyperphagia changed to complete aphagia.
(iii) Normal eating
The remaining ten cats showed no change in their feeding responses after the operations. Histologically these showed lesions which were either rostral (Fig. 5) or caudal (Fig. 6) to the two hypothalamic regions described above (i and ii), which in every case were left intact. In some animals, which showed lesions adjacent to the lateral area, food intake was completely stopped or decreased for the first few days, but returned to normal later on. Monkeys The seventeen monkeys, with bilateral hypothalamic lesions showed the following post-operative feeding responses.
(i) Aphagia
In four monkeys (nos. 2, 11, 12 and 18), the operations were followed by complete cessation of eating and they would not eat even when the food was put into their mouths. Two other monkeys (nos. 4 and 7), on the other hand, would not eat the food easily available to them in the cage, in spite of starvation, but when the food was put directly into their mouths they would bite on it and swallow it. These two could be kept alive by putting the food into their mouths, while the other four had to be fed by stomach tube. They were kept alive for periods ranging from 1 to 4 weeks. All six recovered consciousness within a few hours after the operation, and none of them, except no. 4 (see below), showed any apparent abnormality or neurological deficit. Their rectal temperatures were normal.
10-2 '147 148 B. K. ANAND, S. DUA AND KATE SHOENBERG Histological examination in all these showed bilateral destruction of the lateral hypothalamus in the plane of the central part of middle hypothalamus (median eminence region) (Figs. 7a, 8a ). Histologically no difference could be demonstrated between the lesions in monkeys 4 and 7 and monkeys 2, 11, 12 and 18. In one animal (no. 11) the lesions had progressed rostrally into the anterior hypothalamus (Fig. 7b ), in two (nos. 4 and 7) they had progressed into the posterior hypothalamus (Fig. 8b) , while in the other three they were localized to the lateral part of the middle hypothalamus. Monkey 4 showed generalized tremors involving the head and limbs, and histological study revealed that the lesion on the left side had damaged the caudate nucleus in addition to the hypothalamic region.
(ii) Hyperphagia
One monkey (no. 3) developed hyperphagia after the operation. Histological sections showed involvement of the medial hypothalamus in the region HYPOTHALAMIC FEEDING CENTRES of the median eminence. Later on bilateral lesions were placed in the lateral hypothalamus of this animal and this changed the feeding response into complete aphagia.
(iii) Normal eating
The remaining ten monkeys did not show any change in their feeding behaviour as a result of the hypothalamic lesions. In eight of these, the lesions were shown to be either rostral or caudal to the two hypothalamic regions described above (i and ii), which were spared. In monkey 13, although the lesions were in the same plane as described above (i), the lesion on one side was in the lateral hypothalamus, while on the other side it was well outside the lateral hypothalamus. Thus only unilateral destruction of the lateral hypothalamus had been produced (Fig. 9) . In monkey 17, although the tracks of the electrode were seen in the region of the lateral hypothalamus described above (i), somehow no electrolysis had been produced (Fig. 10) . None of the cats or monkeys with hypothalamic lesions showed any rage reaction (Wheatley, 1944; Bard & Mountcastle, 1948) .
DISCUSSION
The present study appears to confirm the existence of the same hypothalamic mechanisms controlling the feeding response in cats and monkeys as were previously demonstrated in the rat .
Development of hyperphagia by bilateral destruction of the region in the neighbourhood ofthe ventro-medial nucleus has been shown by various workers in the rat. On the other hand, hyperphagia in cats has been demonstrated only by Wheatley (1944) and , and in monkeys by 149 B. K. ANAND, S. DUA AND KATE SHOENBERG Ranson et al. (1938) and Ruch, Patton & Brobeck (1942) . The first three groups of workers obtained hyperphagia after producing bilateral lesions involving the region of the ventro-medial nucleus only, while Ruch et al. obtained it from more caudally placed lesions of the ventral part of the thalamus and the rostral portion of the mesencephalic tegmentum. In the present study all the hyperphagic animals had lesions in the region of the ventromedial nucleus and none of the animals with caudal lesions gave this response. As reported previously , even in these higher mammals, the hyperphagia could be obtained only if the lateral hypothalamus (feeding centre) was left intact. After bilateral destruction of the lateral hypothalamus in these hyperphagic animals (cat 10 and monkey 3), the hyperphagia changed into complete aphagia.
In an earlier report, reported the existence of areas in the lateral hypothalamus of the rat, at the same rostro-caudal plane as the ventro-medial nucleus, which when bilaterally destroyed lead to complete inhibition of food intake. The present study confirms the existence of similar areas in cats and monkeys. Destruction of these areas bilaterally leads to aphagia. Unilateral destruction of this area does not produce aphagia (monkey 13) and this is in conformity with the observations that unilateral injury to the medial hypothalamus does not lead to hyperphagia, and that stimulation of either side of the hypothalamus usually affects both sides of the visceral nervous system, and probably of the somatic as well. Failure of spontaneous eating for variable periods following hypothalamic injury has also been reported incidentally in cats by Clark, Magoun & Ranson (1939 ), Ingram, Barris & Ranson (1936 , and , and in monkeys by Ranson (1939) . Delgado & Anand (1953) , on the other hand, showed increased food intake in some cats by stimulation of this lateral hypothalamic region.
Thus the hypothalamus of the higher mammals, monkey and cat, possesses both the mechanisms controlling feeding behaviour, the more lateral area being designated a 'feeding centre' and the more medial a 'satiety centre'. According to Brobeck (personal communication), these hypothalamic mechanisms probably do not represent the most basic mechanisms of feeding behaviour, which must be reflex in nature, as the hypothalamus is too high in the brain stem to represent a really fundamental neural circuit. The feeding reflexes may be initiated by the sight, odour, or sound of food, or contact with it. The hypothalamic centres have probably the function of facilitation (lateral hypothalamus), and inhibition (medial hypothalamus) of these reflexes. Hunger contractions may also be included as a source of central facilitation. It is not yet quite clear what activates the inhibitory mechanism (satiety centre) and brings about satiation of the animal. Strominger & Brobeck (1953) think it is the specific dynamic action of the food ingested.
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HYPOTHALAMIC FEEDING CENTRES Although all the cats (in common with the rats previously reported) with bilateral lesions in the 'feeding centre' developed complete and permanent aphagia, out of the six monkeys having lesions in this area, only four had complete aphagia, while the other two would not eat the food by themselves, but would take it when the food was put directly into their mouths (monkeys 4 and 7). This may be explained on the basis of the monkey possessing phylogenetically a higher type of neocortex than the cat and rat, and may be advanced as a further proof, if one is needed, for more functions being taken over by the neocortex from the basal regions. It may not be out of place to mention here that, although both obesity and cachexia are seen in clinical cases with damage to the hypothalamic region, both hyperphagia and anorexia are also often reported as post-operative reactions to lobotomy, in which no damage has been done to the hypothalamic region.
The neural mechanism regulating feeding, therefore, appears to be based upon feeding reflexes, which are selectively facilitated or inhibited by higher centres. These have definitely been located in the hypothalamic region, and also may be present higher up. Confirmatory evidence in support of this concept of the hypothalamic centres being the facilitatory and inhibitory mechanisms for the feeding reflexes has been obtained by studying the feeding responses, as well as by some biochemical studies, in cats after stimulation of different hypothalamic regions by means of implanted electrodes. These results are being presented elsewhere (Anand & Dua, 1955) . SUMMARY 1. Bilateral electrolytic lesions were produced in different hypothalamic regions in sixteen cats and seventeen monkeys to study the results of these lesions on the feeding responses.
2. Bilateral destruction of the lateral hypothalamus in the plane of the central part of the median eminence (same rostro-caudal plane as the ventromedial nucleus) produced aphagia.
3. Bilateral destruction of the medial hypothalamus in the region of the ventro-medial nucleus produced hyperphagia, provided the lateral hypothalamus was intact. If the lateral hypothalamus is also destroyed, there is aphagia, in spite of the medial lesions.
4. Lesions in other hypothalamic regions do not change the feeding response.
5. The localization of a 'feeding centre' in the lateral hypothalamus and a ' satiety centre' in the medial hypothalamus, previously reported in the rat, is therefore established in cat and monkey.
6. Two monkeys, made aphagic by bilateral destruction of the 'feeding centre' would eat if the food was directly placed in their mouths. This difference may be due to a plylogenetically more highly evolved neocortex in monkeys as compared with cats and rats. 
